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Sexuality in bacteria (1), now considered to be a unilateral conjugation (2, 3), 
has been studied in Escherichia coli  by many workers. Luria and Burrous  (4) 
have  extended  this  form  of  genetic  recombination  to  bacteria  classified  in 
different genera with  their description of mating between E. coli and Shigella 
species.  Recently,  successful  crosses  between  E.  coli  and  Salmonella  typhi- 
murium were reported by Baron eta/. (5). These studies dealt with the isolation 
of a  streptomycin-resistant mutant  of S.  typhimurium  which acted as a  high 
frequency recipient strain in matings with E.  coli.  Further studies by Baron 
et al.  (6) have established the ability of other Salmonella  species to cross  with 
E.  coli.  This  communication  is  concerned  with  an  analysis of  hybrids from 
crosses between E. coli and Salmonella typhosa, in  which the  S. typhosa  strains 
behave  as  recipient  organisms  for  genetic  material  transferred  from  E.  coli 
cells. 
Materials and Methods 
Cultures.--The strains of S. typhosa employed were obtained from the culture collection at 
the  Waiter Reed Army Institute of  Research.  A  high frequency of recombination (Hfr) 
derivative  of E. ¢otl K-12, strain W-1895, was obtained from Dr. P. D. Skaar, and a D-arabinose 
utilizing (v-Ara) mutant of this organism was isolated and employed in these studies. 
Media.--Meat  extract agar, minimal media, EMB  agar, and other culture media were 
used as described previously (5). 
Antisera.--Rabbit  antisera were prepared against E. coU, S. typhosa, and selected hybrids 
by a  series of intravenous injections of 109 viable or heat-killed (100°C. for 2 hours)  cells. 
Absorbed sera were prepared as described by Edwards and Ewing (7). 
Phages.--The  Vi  typing phages were obtained from Dr.  Cora Gunther; the procedures 
used for propagating these phages have been described by Baron et aL  (8). The T  series of 
bacteriophages were received from Dr. G. Bertani. 
Recombination Procedures.--For the detection of strains fertile with E.  coli K-12,  Hfr 
strain W-1895, the various cultures of S. typhosa which were to be tested as recipients (females) 
were spread with the E. coli culture as the donor  (male) strain at a ratio of twenty recipient 
cells to one donor cell on an appropriate selective medium.  The E. coli culture was grown in 
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penassay broth for 16 to 18 hours at 37°C.  in order to prevent a phenotypic change of this 
organism to the female state (9). The S. typhosa cultures were streaked on nutrient agar plates 
and harvested after 18 hours growth at 37°C. Minimal lactose (ML) agar plates were employed 
initially as the selective device. It became evident, however, that the nutritional requirement 
of cystine and  tryptophan  for growth of the S. typhosa strains prevented the detection of 
lactose utilizing (Lac  +) S. typhosa hybrids. Accordingly, 10 ml. of 0.4 per cent cystine and 0.4 
per cent tryptophan were added as routine to each liter of minimal medium. 
Mouse  Virulence T,sts.--Female mice of the Cinnamon strain weighing 14 to 16 gin. were 
employed in groups of twenty or more mice. Twelve hour cultures grown on agar plates and 
suspended in saline were used as the challenge inocula. The optical densities of the cell suspen- 
sions were determined spectrophotometrically and were checked for viable count by the usual 
plating procedures. The mice were injected intraperitoneally with 0.5 ml. quantities of dilutions 
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Key.--Lac, lactose; Ara, arabinose; Xyl, xylose; Rha, rhamnose; Fuc, fucose; Cys, cystine; 
Try,  tryptophan;  Meth,  methionine;  Ind,  indol; X  +,  lambda  lysogenic. 
of the cell suspensions.  Deaths were recorded daily for 3 days and  the LD60 and standard 
error (s.z.) were determined by the method of Miller and Tainter (10). 
RESULTS 
Lac  +  progeny possessing  the  unchanged  antigenic  pattern  of  the  female 
typhoid parent was detected at low frequency with a number of the S. typhosa 
strains tested. One of the Lac  + hybrids of S. typkosa, strain 643, which will be 
referred to as 643L  + was selected for further use in mating experiments (6). 
The availability of a  number of selective markers in this strain as well as its 
nutritional  requirements  made  it  especially useful  for  genetic  studies.  The 
parental  characteristics of the two parent strains  employed in  these  further 
crosses are listed in Table I. 
When the E. coli Hfr strain was crossed with strain 643L  +, the number of 
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following descending order of frequency: L-arabinose >  ~xylose >  L-rhamn0se 
>  L-fucose  (Table  II).  Recombinants  were  not observed  in  the  case of ~- 
arabinose.  90 per cent of the r-arabinose selected hybrids were  found to be 
stable both biochemically and colonially. These hybrids had acquired only the 
ability to utilize r,arabinose from the E. coli parent. Hybrids selected for the 
ability to utilize D-xylose, L-rhamnose, or L-fucose, and the remaining 10 per 
cent of those selected on L-arabinose, however, were highly unstable colonially 
and  could  not  be  purified as  stable  positive  cultures  upon  continued  sub: 
culturing on EMB media containing the selective sugar on which they had been 
isolated.  Thus,  regardless of  the  number  of  times a  positive clone was  re- 
streaked on the EMB carbohydrate medium, negative forms which proved to 
be  stable were segregated continuously. When a  positive clone of this  type 
TABLE II 
Recombination Frequencies and  Characteristics of Hybrids from Matings between E. coU Hfr 
and S. typhosa 643L  + 






1X  10  -~ 
1X  10  -6 
6X 10  -~ 
5x  lO s 
0 
10  to  15  per  cent  "diploids"  highly 
unstable 
Entirely  "diploids";  highly  unstable'; 
Strain  X30D,  relatively  stable 
Entirely "diploids" and unstable 
Entirely "diploids" and unstable 
was restxeaked on nutrient agar,  two colonial forms were observed; a  smalli 
unstable, dense colony which gave rise to translucent segments, and a  large 
stable translucent colonial form (Fig. 1). Upon restreaking single dense colonies 
which were still unsegmented, it was determined that the translucent colonial 
type actually was segregated from the dense clones. The translucent forms were 
invariably negative for the sugar on which the particular hybrid was initially 
selected, whereas the small, dense colonies observed on nutrient agar retained 
their fermentative capabilities.  In addition, these dense forms were able  to 
produce indol and could ferment the unselected carbohydrates usually without 
regard to the carbohydrate on which they were selected as hybrids. 
The dense  colonies cross-reacted  with antiserum prepared  against E.  coli 
K-12, in contrast to the translucent colonies which failed to demonstrate this 
serological cross-reaction with E. coli. Both dense and translucent forms were 
agglutinated by Vi antiserum and by antiserum to the "d" flagellar component 
of S. typhosa. Somatic factor 9 and 12 antisera did not agglutinate either colonial 
type until the cultures were boiled for 1 hour at 100°C. to remove the Vi antigen. 
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E. coli antiserum. The original parent culture of S. typkosa, strain 643,  and 
strain 643L  + (the hybrid obtained from the initial cross with E. coli) were both 
O-inagglutinable and did not cross-react with antiserum to E. coli. Thus, the 
dense forms, in addition to  their S.  typkosa antigens, had acquired a  heat- 
labile antigen of the E.  coli parent as well as a  number of the biochemical 
abilities  of E.  coll.  Such  hybrids were  considered  to  be  comparable  to  the 
diploid heterozygotes which were described by Lederberg in  E. coli  (11,  12). 
Unfortunately, the marked instability of this diploid form made a  more com- 
plete analysis difficult. 
A relatively stable and presumably diploid colony, however, was encountered 
following selection on minimal D-xylose medium; this strain will be referred to 
as X30D. Other strains of this type have since been isolated in the course of 
mating experiments of a  similar nature.  Unlikely the highly unstable dense 
colonies which could not be retained for more than a  few transfers, a  fairly 
uniform culture of X30D could be kept by the careful selection and restreaking 
of typical colonies. This strain did not resemble either the E. coli or the S. 
typhosa parent strain in colonial appearance, but was very much like the highly 
unstable  colonial  forms  previously described.  However,  X30D  was  not  a 
completely  stable  strain  with  regard  to  colonial  morphology,  since  upon 
transfer,  a  considerably larger,  translucent  form was  observed  (X30T),  as 
well as a  smaller colony type (X30P).  Both the X30T and the X30P  forms 
were completely stable colonially. The three colony types can be seen in Fig. 2. 
Antigenic and Biochemical Studies.--The antigenic structures and biochemical 
characteristics of  X30D  and  the possible derivation of its segregant forms, 
X30T and X30P are given in Text-fig. 1. The presence of an E. coil antigen 
involved in the serological cross-reaction of the hybrids is  indicated by P+, 
while P" represents  the absence of the cross-reactive antigen. Strain  X30D 
possessed the antigenic structure, Vi 9,12:d-,  and also showed a  serological 
cross-reaction with E. coli K-12. Strain X30T  was also a  Vi 9,12:d- strain, 
but was antigenically distinct from E. coli since it failed to demonstrate any 
cross-reaction in antiserum to E. coll. On the other hand, strain  X30P,  was 
identified as a -9,12:d- strain, which had lost the Vi antigen, but still retained 
an  antigenic cross-reaction  with E.  coli.  The  biochemical characteristics  of 
X30D  and X30P  were found to be identical for the factors examined. Thus, 
both  types  acquired  from  the  E.  coli  donor  parent  the  ability  to  utilize 
L-arabinose, ~xylose, and L-rhamnose, as well as the ability to produce indol. 
The ability to utilize L-fucose appeared in addition to the above mentioned 
factors only in those hybrids which were selected on this sugar. Strain X30T, 
in addition to the lack of serological cross-reaction with E,. coli differed also 
biochemically in  being unable  to  utilize  L-arabinose.  This  observation  was 
confirmed in the case of one hundred separate isolates of the X30T type ob- 
tained from separate  plates  streaked  with  single  isolated  clones  of  X30D. L. S. BARON,  W. M. SpYLI~r~ W. F.  CAREY  365 
Only one colony of the X30T type per streak plate was taken for further study, 
and  these isolates were invariably found  to be unable  to utilize  L-arabinose. 
In some instances loss of the ability to utilize lactose as well as L-arabinose was 
observed in the  X30T segregants, even though both parents which produced 
the diploid hybrid were Lac  + cultures. 
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Biochemical Charaaerisacs 
X30D lac +, L-ara +, v-xyl +, rha +, indol + 
X30T lac +, L-ara --, v-xyl +, rha +, indol + 
X30P lac +, L-ara +, n-xyl +, rha +, indol + 
TExT-FIG. 1. Antigenic and biochemical characteristics of relatively stable diploid strain 
of S. typhosa, X30D. 
Serological Studies.--A series of bacterial agglutination tests were performed 
to determine  the antigenic  component transferred from the E. coli parent  to 
the S. typkosa recombinant types (X30D,  X30P). The results of these studies 
indicated  that the strongest agglutination reaction occurred at an incubation 
temperature of 37°C. with an antiserum obtained from rabbits immunized with 
living cells of the E. coli parent. Agglutination tests using antiserum obtained 
from rabbits immunized with boiled cells of E. coli were uniformly negative. 
The results in Table III indicate  that the serological cross-reaction observed 
was due to a thermolabile antigen present in the E. coli parent strain. 366  DIPLOID HETEROZYGOUS  HYBRIDS 
The possibility of the transfer of a  flagellar antigen by recombination was 
considered since these structures are known to be heat-labile and could therefore 
explain the serological results. A transfer of the flagellar component in genetic 
crosses has been reported by Furness  (13). In order to examine the flagellar 
antigenic constitution of the strains, a  series of serum immobilization experi- 
TABLE III 




643L  + 
E. coli K-t2 
X30D 
X30P 
E. coli K-12 
20  40  80  160  320  640  1280 
Dilution 
Antigen (viable) 
Antiserum to E. coli K-12 
4  3  3  2 
4  4  3  2 
4  4  4  4 
4  4  4  3 
Antiserum to heated E. coli K-12 
3  2 
3  3 
1 
2 
--  --  ]  -- 

















* Degree of agglutination (4 =  complete). 
merits  were  undertaken  employing  the  modified  Wassen-Gard  technique 
described by Lederberg and Edwards (14). An immobilization of the bacterial 
growth on semisolid agar plates containing anti-flagellar serum is produced by 
the  homologous  antiserum,  whereas  a  heterologous antiserum  is  unable  to 
prevent the swarming growth of the motile bacteria. The results of this study 
indicated that a dilution of antiserum sufficient to immobilize the homologous 
culture  failed  to  affect  the  motility of  the  heterologous strains  (parent  or 
hybrid). These observations have established the fact that the cross-reaction 
could not be due to the acquisition by the hybrid of a  flagellar antigen from 
the  E.  coli  parep, t.  Microscopic  observation  of  the  clumping  pattern  also L.  S.  BARON,  W.  M.  SPILMAN,  W.  F.  CAREY  367 
revealed  that  the  type of agglutination  which  occurred  as  a  result  of  the 
serological cross-reaction of the S. lypkosa hybrid X30D with E. coli antiserum 
was not typical of itagellar or somatic agglutination, but rather a fine granular 
type of flocculation. 
Phage Studies.--The  S.  typkosa parent strain  643 has been typed as a  C2 
strain (8) by means of the Vi phage typing procedure and classification  scheme 
of  Craigie  and  Felix  (15).  The  hybrid  strains  were examined  to  determine 
whether any change in phage type had occurred as a consequence of the matings. 
The E. coli parent, W-1895, and the Vi negative hybrid segregant, X30P, were 
not lysed by nor did they adsorb Vi phage C2 or other Vi phages which were 
tested. Hybrid strain 643L  +, the diploid strain X30D, and its segregant strain, 
X30T, however, retained the Vi-type specificity of strain 643, being lysed by 
phage C2, and not by a number of heterologous Vi phages employed to confirm 
the specificity of the strains. 
The E. coli K-12 parent strain is susceptible to the T series of bacteriophages. 
These phages,  T1  through  T6,  were propagated on strain  W1895,  and  then 
were examined for possible lyric action on the Salmonella parent and hybrid 
strains. No lysis was produced with any of the phages when plated on the Vi 
containing  parent  or  hybrid  strains,  643,  643L  +,  X30D,  or  X30T.  Strain 
X30P, the Vi negative hybrid which  cross-reacts serologically  with antiserum 
to E. coli, however, was lysed by phage T1, T2, T4, TS, and T6, but not by T3. 
Approximately the same titer was obtained with X30P as was observed with 
the E. coli parent strain W1895.  In order to assure that these negative results 
were not attributable to interference by the presence of the Vi antigen,  a Vi 
negative variant  of 643L  +, as well as the Vi negative strains  of S.  typhosa, 
Hg01 and O901 were tested for lysis by the phages. None of these strains proved 
susceptible to these phages. 
The E.  coli  parent strain  is known to harbor  the lysogenic bacteriophage 
lambda (16). To determine whether lysogenicity for this phage was transferred 
to any of the hybrids, all  strains were grown overnight in penassay broth at 
37°C.  with  mild  aeration.  The  supernates  were  tested  against  the  lambda 
sensitive strain, E. coli W1485. Lambda phage was detected only in the super- 
natant from the E. coli parent strain. 
Virulence  Studies.--The  mouse virulence  test described by Felix and  Pitt 
(17) was employed in order to detect any changes which might have occurred 
in the virulence of the S. typhosa hybrids. The results given in Table IV indi- 
cate a significant  decrease in virulence of the diploid form, X30D, which cross- 
reacts with E.  coli,  in spite of the presence of the Vi and  O  antigens of S. 
typhosa in this strain.  In fact, the LDs0's for X30D  (Vi positive) and  X30P 
(Vi  negative)  are almost  identical,  whereas  the LDs0 for strain  X30T,  (Vi 
positive, but no longer cross-reactive with E. coli) derived as a segregant from 
the diploid form reveals this  strain  to  be significantly  more virulent,  being 
comparable to the parent strain, S. typkosa 643, in mouse virulence. A factor 368  DIPLOID B.ETEROZYGOUS HYBRIDS 
which must be considered in these results, however, is the observation made by 
Brinton (18)  that the diploid strain  X30D has a slower growth rate than does 
its haploid segregant, X30T. 
Fertility Characteristics  of the  IIybrids.--The  diploid  form,  X30D,  and  its 
stable segregants,  ×30T, and  X30P did not act as donor strains  (Hfr or F +) 
in a  number of crosses  which were set up using various species of Escherichia, 
Salmonella,  or Shigella. 
TABLE IV 
Virulence of Parent and Hybrid Strains  for Mice 
Strains 
E. cdi K-t2 Hfr W1895 
S. typhosa Ot3L  + (Vi 9,12:d) 
S. typhosa 643L  + W (-9,12:d) 
~tHybrid X30D (Vi 9,12:d P+) diploid 
§Hybrid X30T (Vi 9,12:d P--) haploid 
§Hybrid X30P (-9,12:d P+) haploid 
S. typhosa H901 (-9,12:d) 
LD~0* 
37  X  108 
25  X  10  e 
14  X  107 
15  X  10  ~ 
15  X  106 
12  X  10  r 
12  X  10  ~ 
S,E,* 
10  X  10  s 
10  X  10  e 
3.4  X  10  7 
2.6X  10  ~ 
5.3  X  10  ~ 
3.0  ×  10  7 
2.0  X  lO  s 
* Calculated by the method of Miller and Tainter (I0). 
Diploid from mating of W1895 X 643L  +. 
§ Stable segregant from X30D. 
DISCUSSION 
These experiments have dealt with an analysis of some of the characteristics 
of intergeneric hybrids resulting from crosses between E. cull and S. typhosa. 
A  hybrid  strain  of S.  typhosa  from  an  initial  mating,  changed  only by its 
acquisition of the ability to utilize lactose, was employed as a  high frequency 
recipient strain (F-) in further crosses with the E. coli donor (Hfr) strain. These 
matings were plated  on media  with different selective substrates and  the re- 
combination frequencies were determined.  Previous results  (6)  indicated that 
the frequency of recombination (selection for Lac  + hybrids) using the Lac- F- 
S. typhosa strain  643L- was approximately 1  X  10-4. In the present experi- 
ments, selection for L-Ara  + hybrids gave a frequency of 1 X  10  -~ recombinants 
which is about 10 per cent of the total number of recombinants when selection 
is made for Lac  + hybrids. Of the L-Ara  + hybrids,  10 to 15 per cent possessed 
the characteristics of unstable segregating diploid heterozygotes. The assump- 
tion that these were diploids was supported by the fact that the dense colony 
(diploid form) isolates were unstable and could not be purified to yield stable 
types of both parents by restreaking. In addition, the translucent colonial forms 
which were segregated from the dense colonies exhibited a  loss of the fermen- 
tative characteristics typical of E. coll.  These dense colonies have been inter- 
preted as unstable diploid forms which consistently throw off haploid segregants. 
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and were able to produce indol, thus indicating an extensive transfer of genetic 
material from the E. coli parent. 
Using L-xylose containing media, the diploids only were detected and these 
occurred  at a frequency of approximately 1 X  10-*. This amounts to 10 per 
cent of the total of the L-Ara  + hybrids and coincides with the data obtained 
in the analysis of the hybrids selected on L-arabinose media,  indicating that, 
probably as a lower limit, about 1 per cent of the total recombinants resulting 
from these matings are diploids. Thus, since the partial diploids are observed 
exclusively  on  L-xylose and L-rhamnose  (or  L-fucose) containing media,  se- 
lection for utilization of these substrates serves also as a sieve for isolation of 
the diploid forms. If an oriented transfer of genetic material takes place (19), 
from a consideration  of the frequencies observed,  the probable  order of entry 
of the markers might be Lac(10-*), L-Ara(10-6), Xyl(10  -6 diploid),  Rha(10-  7 
diploid), Fuc(10  -8 diploid). 
The immunological and biochemical  studies have established  a  transfer of 
the ability to produce an antigen from the E.  coU parent to the diploid  S. 
typhosa hybrid, as well as the acquisition by this hybrid and its segregants of a 
number of fermentative properties  characteristic of E.  coli. In collaboration 
with Dr.  C.  C. Brinton of the University of Pittsburgh, data have recently 
been obtained which establish that the thermolabile antigen of E. coli acquired 
by the hybrid of S. typhosa  is due to the presence of pill, also referred  to as 
fimbrial antigen. This observation and the possible linkage between  the locus 
for pili and utilization of L-arabinose have been examined further and are being 
reported elsewhere in detail (20). Since the diploid forms are similar to E. coli 
by virtue of acquired biochemical and antigenic factors, the difficulties pre- 
sented  to  the  diagnostic  bacteriologist  are  apparent.  It  is  likely also  that 
matings of the sort described here may occur in nature; this view is supported 
by recent results obtained in this laboratory which have demonstrated in ~ivo 
recombination  between  E.  coli and  S.  typhimurium  in  mice  infected with 
S.  typhimurium  (21). A  lactose-positive  (and  indol-positive)  strain  would 
almost certainly be overlooked  or disregarded  on isolation  as being  without 
significance as an enteric pathogen. Furthermore, the instability of the diploid 
culture type is not typical of the usual enteric pathogens.  Although a number 
of unstable culture forms of various sorts have been  noticed,  their behavior 
has  usually remained unexplained.  The  unstable  piliated  strain  of E.  coli 
studied by Brinton (22) is one such strain which has been described in detail. 
There may be reason to consider that many such unstable types either could 
be transient diploid forms or may possess extrachromosomal  aberrations which 
have arisen in nature as a consequence of recombination  and were isolated in a 
relatively stable and distinguishable  form in the laboratory. A diploid  form 
arising  from a  homozygous  mating, however,  would  probably appear  most 
frequently in nature, but would be exceedingly difficult to study in contrast to 
the diploid forms of S. typhosa which have been considered here. 370  DIPLOID HETEROZYGOUS  HYBRIDS 
The sensitivity of the segregant Vi negative strain Xa0P to most of the T 
phages is probably due to the transfer of the ability to produce the requisite 
receptor sites for these phages. This susceptibility to the T phages may be due 
to the presence of thermostable somatic cross-reactivity with E. coli which has 
been observed in this strain and which is being investigated further. Differences 
in phage receptor sites and the antigenic basis for susceptibility and resistance 
to various of the T phages have been reported by Jesaitis and Goebel (23), and 
it is possible that a  similar situation exists in  the case of the phage-sensitive 
hybrid Xa0P. 
A  recent report  (24)  has indicated that greater mortality in mice infected 
with non-fimbriated (non-piliated) strains of S. typhimurium occurred than was 
observed with the fimbriated strain of S.  typhimurium.  The virulence experi- 
ments in our results also have demonstrated that the piliated (cross-reactive) 
diploid strain possessing all the typical antigens of S. typhosa had, nevertheless, 
decreased virulence in the mouse test.  Both of these observations, however, 
could possibly be explained by growth rate differences which may occur between 
the strains. Further studies designed to define the effect, if any, of the trans- 
ferred thermolabile E. coli antigen (pill)  on virulence are in progress. 
SUMMARY 
An Hfr strain of E. coli K-12 has been shown to mate at low frequency with 
a  number of strains of S.  typhosa.  The hybrids, selected as lactose positives, 
retained all other antigenic and biochemical manifestations of the S.  typhosa 
parent. A Lac  + hybrid, S. typhosa strain 643L  + was remated with the E. coli 
Hfr and plated on minimal media containing L-arabinose, D-xy]0se, L-rhamnose, 
or L-fucose as the sole carbon sources. Hybrids of the remated strain appeared 
at high frequency on the plates containing L-arabinose, and could be detected 
at lower frequencies on plates containing D-xylose, L-rhamnose, and L-fucose. 
Those selected for D-xylose or L-rhamnose utilization possessed the attributes 
of segregating  diploid heterozygotes being  highly unstable and  continually 
segregating a cultural form typical of the S. typkosa parent. The unstable type 
exhibited most of the biochemical characteristics of the E. coli parent including 
the ability to produce indol, and also reacted with antiserum to both the E. 
coli and S. typhosa parent strains, owing to the acquisition of a  thermolabile 
antigen from the E. coli parent. The parent and hybrid strains were examined 
in detail for changes in patterns of phage susceptibility and virulence. Acqui- 
sit.ion of susceptibility to a number of the T phages, a characteristic of the E. 
coli parent, was observed in one of the hybrid types. A decrease in virulence 
of the diploid hybrid form of S. typhosa in the mouse virulence test was found. 
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Igiene Mod., 1959, 59., 21. 372  DIPLOID  HETEROZYGOUS  HYBRIDS 
EXPLANATION OF PLATE  15 
FIG.  1.  Unstable  diploid  (dense  colony)  and  stable  translucent  segregants  of E. 
coli W1895  ×  S. typhosa 643L + hybrids. 
Fla.  2.  Diploid  strain  of S.  typhosa,  ×30D  (medium-sized  dense clones)  and  its 
haploid segregants,  ×30T (large crinkled clones), and  ×30P  (small dense clones). THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 112  PLATE  15 
(Baron et al.:  Diploid heterozygous hybrids) 